PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2000-092824 
(43)Date of publication of application : 31.03.2000 



(51)Int.CL 



H02M 3/155 



(21) Application number: 10-257102 

(22) Date of filing : 1 0.09.1 998 



(71) Applicant : MATSUSHITA ELECTRIC IND CO LTD 

(72) Inventor : SAKIYAMA SHIRO 

KAJIWARA JUN 
KINOSHITA MASAYOSHI 
SATOMI KATSUJI 
YAMAMOTO HIROO 
YAMAMOTO AKIRA 
NAKAHIRA HIROYUKI 



(54) SWITCHING REGULATOR AND LSI SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a switching regulator that 
achieves high efficiency of power conversion for the wide range of 
load currents. 

SOLUTION: Switches SW1, SW2 are provided in series between a 
power supply Vdd and a power supply Vss. A switch controlling 
part 1 0 turns off the switch SW2 forcibly when the switch SW2 is 
in a on-state, if the electric potential at a node VI exceeds the 
electric potential Vss. Specifically, the direction of the current IL 
which flows in a smoothing circuit 4 is detected with the electric 
potential of the node VI so that the current IL is prevented from 
flowing to the reverse direction eventually to the power supply 
Vss and the degradation of the power conversion efficiency is 
prevented. This structure allows intermittent mode operations 
without providing a resistor inside the smoothing circuit 4. As a 
result, the' power conversion efficiency for a small load current 
can be improved without increasing-DC. power loss for a large load 
current 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st and 2nd switches which are the switching regulator of a synchronous detection 
method, were formed between the 1st power source which supplies the 1st potential, and the 2nd power 
source which supplies the 2nd potential lower than said 1st potential, and have been arranged mutually 
at the serial, The switch control section which controls turning on and off of said 1st and 2nd switches 
according to a control signal, It has the smoothing circuit which graduates the potential of the output 
node between said 1st switch and said 2nd switch. Said switch control section The switching regulator 
constituted so that said 2nd switch may be made into an OFF state when said 2nd switch is being made 
into the ON state according to directions of said control signal and the potential of said output node is 
over the 1st predetermined potential. 

[Claim 2] It is the switching regulator characterized by said 1st predetermined potential being potential 
almost equal to said 2nd potential in a switching regulator according to claim 1. 

[Claim 3] It is the switching regulator characterized by being constituted so that said 1st switch may be 
made into an ON state when said switch control section makes said 1st switch the OFF state in the 
switching regulator according to claim 1 according to directions of said control signal and the potential 
of said output node is over the 2nd predetermined potential. 

[Claim 4] It is the switching regulator characterized by said 2nd predetermined potential being potential 
almost equal to said 1st potential in a switching regulator according to claim 3. 
[Claim 5] The 1st and 2nd switches which are the switching regulator of a synchronous detection 
method, were formed between the 1st power source which supplies the 1st potential, and the 2nd power 
source which supplies the 2nd potential lower than said 1st potential, and have been arranged mutually 
at the serial, The switch control section which controls turning on and off of said 1st and 2nd switches 
according to a control signal, It has the smoothing circuit which graduates the potential of the output 
node between said 1st switch and said 2nd switch. Said switch control section The switching regulator 
constituted so that said Ist switch may be made into, an ON. state when said 1st switch is being made 
into the OFF state according to directions of said control signal and the potential of said output node is 
over predetermined potential. 

[Claim 6] It is the switching regulator characterized by said predetermined potential being potential 
almost equal to said 1st potential in a switching regulator according to claim 5. 

[Claim 7] It is the switching regulator characterized by said 1st and 2nd switches being constituted by 
the transistor in a switching regulator according to claim 1 or 5. 

[Claim 8] The LSI system equipped with a switching regulator according to claim 1 or 5 and the LSI core 
section which operates with the electrical potential difference supplied from said switching regulator. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control and the configuration for making actuation 
possible at high power conversion effectiveness over the range of the large load current especially 
about a switching regulator. 
[0002] 

[Description of the Prior Art] Drawing 8 is drawing showing the general configuration of the switching 
regulator of the synchronous detection method of a pressure-lowering mold. Generally the switching 
regulator shown in drawing 8 is called an "PWM pressure-lowering mold switching regulator." That is, 
feedback control is applied by the PWM (Pulse Width modulation : pulse width modulation) signal PWM so 
that the potential of a node V2 may be in agreement with target potential. The switch control section 50 
makes either of the 1st and 2nd switches SW1 and SW2 turn on according to the PWM signal PWM. 
When the PWM signal PWM is "L", the 1st switch SW1 is made to turn on, and the 2nd switch SW2 is 
made to turn on here at the time of "H". Thereby, a rectangle-like output wave appears in a node VI, 
and the output wave of this node VI is graduated by the smoothing circuit 4 constituted by LC. The 
graduated potential is supplied to a load circuit 8 from a node V2. 

[0003] The PWM signal PWM is a signal as the final result of feedback control which was made to turn 
on the 1st switch SW1 when the potential of a node V2 was lower than target potential, and was 
generated so that the 2nd switch SW2 might be made to turn on, when high. Although there are many 
methods in such feedback control, since there is no direct relation to the essence of this invention, the 
detailed explanation is omitted on this application specifications. Of course, feedforward control may be 
used instead of feedback control. 

[0004] Drawing 9 is a timing chart which shows the actuation of a switching regulator shown in drawing 
8 . Among this drawing, as for (b), (a) shows actuation when the load current lo is small, when the load 
current lo is large. As shown in drawing 9 , when the 1st switch SW1 turns on, the potential of a node 
VI turns into potential Vdd mostly, and on the other hand, when the 2nd switch SW2 turns on, the 
potential of a node VI turns into potential Vss mostly. Although the potential of a node VI has shifted 
from potentials Vdd and Vss in drawing 9 . this is because, the on resistance of the Island 2nd. switches 

SW1 and SW2: is not zero, so fall of potential arises. . 

[0005] The power conversion effectiveness eta of a switching regulator can be expressed like a formula 
(1). 

eta=(Ave(V2) xIo)/(VddxIi) — (1) 

Here, Ave (V2) is the average output voltage of a node V2, and li is an input current If each component 
is ideal, it is Ave(V2) xIo=VddxIi. — (2) 

A next door and the power conversion effectiveness eta become 100%. However, in . an actual circuit, 
since power is lost by various resistance components like the on resistance of a switching transistor, 
parasitism resistance of a coil, wiring resistance, or the equivalent series resistance of a capacitor, the 
power conversion effectiveness eta becomes lower than 100%. In addition, although the power loss for 
driving the gate capacitance of a switching transistor besides loss by the resistance component, the 
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substrate current loss by switching of a switching transistor, etc. exist, it shall not take into 
consideration here. 

[0006] If loss by the resistance component is set to Ross, the power conversion effectiveness eta will 
become like a formula (3). 
eta=(Ave(V2) xIo)/(Ave(V2) xIo+Ross) 

— (3) 

And the loss Ross of a resistance component can roughly be divided into the direct-current power loss 
RossD and the alternating current power loss RossA, and as shown in a formula (4) and (5), it can be 
expressed, respectively. 
RossD=Ave(Io) xAve(Io) xR — (4) 

RossA=delta Ixdelta IxR/1 2 — (5) Here, Ave (lo) expresses the sum of the total resistance component 
to which an average load current and deltal exist in a maximum current ripple, and R exists on current 
pass. Although Loss Ross will become zero and the power conversion effectiveness eta will become 
100% if the resistance component R is zero, in fact, the value of the resistance component R is O.Sohms 

- about lohm, and this causes power conversion degradation. 

[0007] As shown in a formula (4), the direct-current power loss RossD becomes so large that the load 
current lo is large. Moreover, since it is fixed, as the value of maximum current ripple delta[ not based on 
the magnitude of the load current lo, but it shown in a formula (5), it does not depend for the alternating 
current power loss RossA on the magnitude of the load current lo. 

[0008] Formula (3) As for the power conversion effectiveness eta of a switching regulator, - (5) shows 
that change according to the magnitude of the load current lo, and the point ******** optimum point of 
the load current lo when the power conversion effectiveness eta becomes the highest exists. The power 
conversion effectiveness eta of a switching regulator will deteriorate if it puts in another way as the load 
current lo will become small from the optimum point, or as it becomes large. 
[0009] 

[Problem(s) to be Solved by the Invention] However, it is desirable that high power conversion 
effectiveness is maintainable to the wide range load current as a switching regulator. The switching 
regulator which can maintain the power conversion effectiveness which is extent which has also been 
the case that the load current is especially small in a semiconductor integrated circuit is needed. 
[0010] The configuration as shown in drawing 10 is already proposed to such needs (B. "Smart Power 
ICs" pp 334-336 besides Murari, Springer, 1995). With the configuration of drawing 10 , resistance 9 is 
inserted among the nodes V2 and V3 of smoothing circuit 4A in order to detect the sense of the current 
IL which flows in a coil 5. That is, the potential of the both ends of resistance 9, i.e., the potential of 
nodes V2 and V3, is compared, when the potential of a node V3 is higher than the potential of a node V2, 
it judges with the sense of the current IL of a coil 5 being facing the right, and when the potential of a 
node V3 is lower than the potential of a node V2, it judges with the sense of the current IL of a coil 5 
being facing the left. 

[001 1] The switch control section 60 is equipped with the comparator 61 which compares the potential 
of the both ends of resistance . 9, and AND circuit 62 which considers the output of. a comparator 61, 
and the PWM signal PWM as an input, and outputs the output signal of AND circuit 62 as a control signal 
of the 2nd switch SW2. That is, the switch control section 60 performs the following control. The PWM 
signal PWM makes the 2nd switch SW2 turn on during the period of "H". However, when the potential of 
a node V3 is lower than the potential of a node V2, the 2nd switch SW2 is turned off compulsorily. By 
taking such a control approach, power conversion effectiveness when the load current is small improves 
sharply for the following reasons. 

1. Since deltal becomes small, alternating current power loss becomes small. 

[0012] 2. Since Current IL does not flow into a power source Vss. the time amount by which the charge 
which charged the capacitor 7 at the "on" period of the 1st switch SW1 is consumed as the load 
current lo becomes long as compared with the configuration of drawing 8 . 
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[0013] Power loss for driving AC loss in a reason 1 and driving the gate capacitance of a switching 
transistor in a reason 2 can be lessened, and power conversion effectiveness when the load current lo is 
small is made to both improve. When the load current lo is large, since the sense of the current IL of a 
coil 5 always becomes rightward, actuation of the switching regulator of drawing 10 becomes equal to 
actuation of the switching regulator of drawing 8 . 

[0014] Drawing 1 1 is a timing chart which shows actuation when the load current lo of the switching 
regulator shown in drawing 10 is small. With the configuration of drawing 8 , the condition of saying that 
neither of the 1st and 2nd switches SW1 and SW2 is turned on exists by the configuration of drawing 1 0 
to either of the 1 st and 2nd switches SWl and SW2 having surely turned on so that it may turn out that 
drawing 1 1 is compared with drawing 9 (b). Since the switch control section 60 shown in drawing 10 
turns off the 2nd switch SW2 compulsorily while the current IL of a coil 5 is flowing, leftward, when the 
2nd switch SW2 turns on, the 1st and 2nd switches SWl and SW2 are all turned off after it. At this time, 
the potential of a node VI vibrates with the resonance frequency determined with a coil 5 and parasitic 
capacitance 6. Moreover, the current IL which flows in the coil at that time vibrates considering zero 
current as a core. 

[0015] In a switching regulator, actuation when the load current as shows actuation when the load 
current as shown in drawing 1 1 is small to intermittence mode, a call, and drawing 9 is large is called 
continuous mode. A configuration like drawing 10 having continuous mode and intermittence mode is 
used widely. 

[0016] However, there are the following faults with the configuration of drawing 10 . 
[0017] First, components mark increase. The technique which accumulates a coil and a mass capacitor 
is not established in current semiconductor technology. For this reason, when it constitutes the 
switching regulator of drawing 10 , it is necessary to form a coil 5 and a capacitor 7 as external 
components of a semiconductor integrated circuit. For this reason, resistance 9 must also be formed as 
external components and components mark will increase as compared with the configuration of drawing 
8 . 

[0018] Moreover, since resistance 9 is formed in smoothing circuit 4A, degradation of power conversion 
effectiveness when the load current is large will be caused. That is. the resistance R1 of resistance 9 is 
added to the original parasitism resistance, becomes the factor which increases direct-current power 
loss when the load current is large, and makes power conversion effectiveness deteriorate. 
[0019] Let it be a technical problem to improve power conversion effectiveness when the load current is 
small without increasing direct-current power loss when the load current is large, without this invention 
causing increase of components mark as a switching regulator in view of the aforementioned problem. 
[0020] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, the solution 
means which invention of claim 1 provided The 1st and 2nd switches which were formed as a switching 
regulator of a synchronous detection method between the 1st power source which supplies the 1st 
potential* and the 2nd power source which supplies the 2nd potential lower than said 1st potential, and . 
have been arranged mutually at the serial,. The switch control section which controls turning on and off 
of said 1st and 2nd switches according to a control signal, It has the smoothing circuit which graduates 
the potential of the output node between said 1st switch and said 2nd switch. Said switch control 
section When said 2nd switch is being made into the ON state according to directions of said control 
signal and the potential of said output node is over the 1st predetermined potential, it is constituted so 
that said 2nd switch may be made into an OFF state. 

[0021] The 2nd switch is turned off, when according to invention of claim 1 the 2nd switch is an ON 
state and the potential of an output node is over the 1st predetermined potential. That is, the sense of 
the current which flows a smoothing circuit is detected with the potential of an output node, and it 
prevents for the 2nd switch that the current which flows a smoothing circuit flows to an output node 
side, and flows into the 2nd power source by making it an OFF state. Thereby, intermittence mode 
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actuation can be realized without preparing resistance in a smoothing circuit. Therefore, power 
conversion effectiveness when the load current is small can be improved without increasing direct- 
current power loss when the load current is large, without causing increase of components mark. 
[0022] And let 1st predetermined potential in the switching regulator of said claim 1 be potential almost 
equal to said 2nd potential in invention of claim 2. 

[0023] Moreover, when said 1st switch is being made into the OFF state according to directions of said 
control signal and the potential of said output node is over the 2nd predetermined potential, the switch 
control section in the switching regulator of said claim 1 shall consist of invention of claim 3 so that said 
1 st switch may be made into an ON state. 

[0024] The 1st switch is turned on, when according to invention of claim 3 the 1st switch is an OFF 
state and the potential of an output node is over the 2nd predetermined potential. That is, the potential 
of an output node becomes high too much, when there is a possibility that a charge may flow into the 
1st power source through the 1st switch in an OFF state, the 1st switch is made into an ON state and 
the resistance of the 1st switch is made small. Thereby, the power loss by the 1st switch of an OFF 
state when the potential of an output node becomes high too much can be prevented. 
[0025] And let 2nd predetermined potential in the switching regulator of said claim 3 be potential almost 
equal to said 1 st potential in invention of claim 4. 

[0026] The solution means which invention of claim 5 provided moreover, as a switching regulator of a 
synchronous detection method The 1st and 2nd switches which were formed between the 1st power 
source which supplies the 1st potential, and the 2nd power source which supplies the 2nd potential 
lower than said 1st potential, and have been arranged mutually at the serial. The switch control section 
which controls turning on and off of said 1st and 2nd switches according to a control signal, It has the 
smoothing circuit which graduates the potential of the output node between said 1st switch and said 
2nd switch. Said switch control section When said 1st switch is being made into the OFF state 
according to directions of said control signal and the potential of said output node exceeds the 2nd 
predetermined potential, it is constituted so that said 1st switch may be made into an ON state. 
[0027] And let 2nd predetermined potential in the switching regulator of said claim 5 be potential almost 
equal to said 1st potential in invention of claim 6. 

[0028] Moreover, the 1st and 2nd switches in the switching regulator of said claims 1 or 5 shall be 
constituted from invention of claim 7 by the transistor. 

[0029] Furthermore, invention of claim 8 is equipped with the switching regulator of said claims 1 or 5, 
and the LSI core section which operates with the electrical potential difference supplied from said 
switching regulator as an LSI system. 
[0030] 

[Embodiment of the Invention] (1st operation gestalt) Drawing 1 is drawing showing the configuration of 
the switching regulator concerning the 1st operation gestalt of this invention. In drawing 1 , the same 
sign as drawing 8 is given to the conventional switching regulator shown in drawing 8 . and the common 
component. 

[0031] In drawing 1 , the 1st switch with which SWT consists of a PMOS transistor, the 2nd switch with 
which SW2 consists of an NMOS transistor, the switch control section by which 10 controls the 1st and 
2nd switches SW1 and SW2 according to the PWM signal PWM as a control signal, and 4 are smoothing 
circuits which graduate the potential of the output node VI between the 1st switch SW1 and the 2nd 
switch SW2. The 1st and 2nd switches SW1 and SW2 are formed in the serial between the 1st power 
source (it is described as "a power source Vdd" below) to which the potential Vdd as the 1st potential 
is supplied, and the 2nd power source (it is described as "a power source Vss" below) which supplies 
the potential Vss as the 2nd potential. Moreover, the smoothing circuit 4 is constituted by the coil 5 and 
the capacitor 7, and has further the parasitic capacitance 6 which consists of wiring capacity, a diffusion 
capacitance of a switch, parasitic capacitance of a coil. etc. The potential graduated by the smoothing 
circuit 4 is supplied to a load circuit 8 (it expresses as a current source by a diagram) from a node V2. 
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[0032} The actuation of a switching regulator shown in drawing 1 is fundamentally [ as the actuation of 
the conventional switching regulator shown in drawing 8 ] the same. That is, in principle, the switch 
control section 10 makes the 1st switch SW1 an ON state, when the PWM signal PWM is "L", and when 
the PWM signal PWM is "H", it makes the 2nd switch SW2 an ON state. 

[0033] The switch control section 10 has the function which detects whether the potential of the output 
node VI is over potential Vss, and the description of this operation gestalt is the point of making this 
detection result reflecting in control of the 2nd switch SW2. The switch control section 10 performs 
control of the 2nd switch SW2 according to the following conditions. 

<control of 2nd switch SW2> PWM=H it is — SW2 ->ONif V1>Vss SW2 ->OFF PWM. i.e., an PWM signal, 
makes the 2nd switch SW2 an ON state during the period of "H". However, when the potential of the 
output node VI is over the 1st predetermined potential Vss. i.e., potential, the 2nd switch SW2 is 
compulsorily made into an OFF state. 

[0034] when the 2nd switch SW2 is an ON state, while the current IL of a coil 5 is flowing to the node 
V2 side ( drawing 1 — setting — facing the right), the potential of a node VI becomes lower than 
potential Vss by the on resistance of the 2nd switch SW2. on the other hand, while the current IL of a 
coil 5 is flowing to the output node VI side ( drawing 1 — setting — the Hidari sense), the potential of 
the output node VI becomes higher than potential Vss. That is, when the 2nd switch SW2 is an ON 
state, the sense of the current IL which flows a coil 5 can be detected with the potential of the output 
node VI. 

[0035] With this operation gestalt, the sense of the current IL which flows a smoothing circuit 4 is 
detected with the potential of the output node VI based on such knowledge. And when the 2nd switch 
SW2 is an ON state and the potential of the output node VI is over potential Vss, it prevents that the 
current IL which flows a smoothing circuit 4 flows to the output node VI side, and flows into a power 
source Vss by making it an OFF state for the 2nd switch SW2. 

[0036] Drawing 2 is a timing chart which shows actuation when the load current lo of the switching 
regulator of drawing 1 is small. When drawing 1 1 which shows the actuation of a switching regulator 
shown in drawing 2 and drawing 10 is compared, there is no difference in change of the potential of the 
output node VI, the current IL of a coil 5, and the potential of a node V2 in any way. That is, the 
switching regulator of drawing 1 can realize intermittence mode actuation completely equivalent to the 
switching regulator of drawing 10 . 

[0037] And in the conventional switching regulator shown in drawing 10 , since this operation gestalt is 
comparing the potential and potential Vss of the output node VI to having added resistance 9 to 
smoothing circuit 4A, it is not necessary to add resistance to a smoothing circuit 4. For this reason, as 
compared with the configuration of drawing 8 , external components mark do not increase and direct- 
current-voltage loss when the load current is large does not increase, either. 
[0038] Power conversion effectiveness when the load current is small can be improved without 
preparing resistance in a smoothing circuit as mentioned above according to this operation gestalt. . 
Therefore, it becomes possible to migrate to the large range of the load current, and to maintain high 
power conversion effect! venesSi . 

[0039] Moreover, the circuit which controls the 2nd switch SW2 in the switch control section 10 is 
constituted from drawing 1 by the comparator 1 1 which considers the potential and potential Vss of the 
output node VI as an input, and AND circuit 1 2 which considers the output of a comparator 11, and the 
PWM signal PWM as an input. And the output signal of AND circuit 12 is used as a control signal of the 
2nd switch SW2. Control of the 2nd switch SW2 concerning this operation gestalt is easily realizable 
with such a simple configuration. Of course, as long as the configuration of the circuit which controls 
the 2nd switch SW2 in the switch control section 10 is not restricted to what is shown in drawing 1 and 
can realize same control, they may be other configurations. 

[0040] (2nd operation gestalt) Drawing 3 is drawing showing the configuration of the switching regulator 
concerning the 2nd operation gestalt of this invention. In drawing 3 , the same sign as drawing 1 is given 
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to drawing 1 and a common component, and the detailed explanation is omitted here. 
[0041] The actuation of a switching regulator shown in drawing 3 is fundamentally [ as the actuation of a 
switching regulator shown in drawing 1 ] the same. The description of this operation gestalt is the point 
that switch control-section 10A performs new control of the 1st switch SW1 in addition to control of 
the 2nd switch SW2 concerning the 1st operation gestalt 

[0042] With both configurations of drawing 1 and configurations of conventional drawing 10 concerning 
the 1st operation gestalt, when the 1st and 2nd switches SW1 and SW2 were OFF states, by resonance 
of LC of a smoothing circuit, the potential of the output node VI swayed greatly, and might exceed 
potential Vdd depending on the case. At this time, the charge was returned to the power source Vdd 
from the output node VI. and there was a problem that the power loss by the parasitism diode of the 
PMOS transistor which constitutes the 1st switch SW1 in this case will arise. 
[0043] Drawing 4 is drawing showing the cross-section structure of a typical PMOS transistor. As 
shown in drawing 4 , the parasitism diode 31 is constituted between the drain field D of P type, and n 
mold well n-well. When the lower one of the threshold voltage of a PMOS transistor and the threshold 
voltage of the parasitism diode 31 is set to Vt, the potential of the output node VI is limited mostly 
(Vdd+Vt). Drawing 5 is drawing showing actuation when the potential of the output node VI is limited to 
(Vdd+Vt) in the configuration of drawing 10 . 

[0044] Supposing the threshold voltage of the parasitism diode 31 is lower, when the potential of the 
output node VI becomes higher than (Vdd+Vt), a current will flow from the drain field D of the 1st 
switch SW1 to the forward direction of the parasitism diode 31 toward a power source Vdd through a 
substrate. At this time, power loss will arise by the equivalence on resistance of the parasitism diode 31. 
[0045] So, with this operation gestalt, switch control-section 10A performs control of the 1st switch 
SW1 according to the following conditions so that the power loss by the 1st switch SW1 in an OFF state 
may not arise. 

[0046] <control of 1st switch SW1> PWM=H it is — SW1 ->OFFif V1>Vdd SW1 ->ON PWM, i.e., an PWM 
signal, makes the 1st switch SW1 an OFF state during the period of "H". However, when the potential of 
the output node VI is over the potential Vdd as 2nd predetermined potential, the 1st switch SW1 is 
made into an ON state still more compulsorily. 

[0047] Although the power loss by the equivalence on resistance of the parasitism diode 31 of the 1st 
switch SW1 arises with the configuration of drawing 1 or drawing 10 in case the potential of the output 
node VI becomes high too much and a charge is returned to a power source Vdd. the power loss at the 
time of a charge being returned to a power source Vdd is based on the on resistance of the 1st switch 
SW1 by the aforementioned control with this operation gestalt. since the on resistance of a PMOS 
transistor is far small compared with the identification on resistance of the parasitism diode 31, by 
control of the 1st switch SW1 concerning this operation gestalt, the power loss at the time of a charge 
being returned to a power source Vdd is boiled markedly, and becomes small. 

[0048] Drawing 6 is a. timing chart, which .shows actuation of the, switching regulator. of drawing 3. . As , . 
shown in drawing 6 . the highest potential of the output node VI is low restricted as compared with 
drawing Z . This is because it is restricted by the on resistance of the 1st switch SW1 with the 
configuration of drawing 3 , although the highest potential of the output node V1 was restricted by the 
equivalence on resistance of the parasitism diode 31 with the configuration of drawing 1 or drawing 10 . 
[0049] Since the power loss by the 1st switch SW1 of an OFF state can be prevented according to this 
operation gestalt as mentioned above even if it is the case where resonance phenomena arise in the 
potential of the output node VI at the time of intermittence mode actuation, and a charge is returned to 
a power source Vdd, it becomes possible to realize power conversion effectiveness higher than before. 
[0050] Moreover, the circuit which controls the 1st switch SW1 in switch control-section 10A is 
constituted from drawing 3 by the comparator 13 which considers the potential and potential Vdd of the 
output node VI as an input, and AND circuit 14 which considers the output of a comparator 13, and the 
PWM signal PWM as an input. And the output signal of AND circuit 14 is used as a control signal of the 
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1st switch SW1. Control of the 1st switch SW1 concerning this operation gestalt is easily realizable with 
such a simple configuration. Of course, as long as the configuration of the circuit which controls the 1st 
switch SW1 in switch control-section 10A is not restricted to what is shown in drawing 3 and can realize 
same control, they may be other configurations. 

[0051] In addition, although the reference potential for control of the 2nd switch SW2 was made into 
potential Vss with the 1st operation gestalt, it is good also considering potentials other than potential 
Vss as a reference potential. For example, in consideration of the time delay of the comparator 1 1 of 
drawing 1 etc., level slightly higher than potential Vss or slightly low level may be set up as a reference 
potential for control of the 2nd switch SW2. Moreover, although the reference potential for control of 
the 1st switch SW1 was made into potential Vdd with the 2nd operation gestalt, it is good also 
considering potentials other than potential Vdd as a reference potential. For example, in consideration of 
the time delay of the comparator 13 of drawing 3 , level low for whether it being level frail ** slightly 
higher than potential Vdd may be set up as a reference potential for control of the 1st switch SW1. 
[0052] Moreover, you may constitute possible [ a setup of the reference potential for control of the 2nd 
switch SW2 concerning the 1st operation gestalt ]. Since the ease of carrying out of the shift to 
intermittence mode actuation of a switching regulator changes with the value of this reference potential, 
setting modification of this reference potential enables it to adjust the ease of shifting to intermittence 
mode. 

[0053] Drawing 7 is drawing showing the example of the LSI system constituted using the switching 
regulator concerning this invention. In drawing 7 , LSI20 is equipped with the LSI core section 21 and 
the DC/DC converter 22, and is equipped with the smoothing circuit 4 as external components. 23a-23e 
are the pads of LSI20. The DC/DC converter 22 becomes the 1st and 2nd switches SW1 as shown with 
the 1st or 2nd operation gestalt, and SW2 list from the switch control sections 10 and 10A. and the 
switching regulator which starts this invention by DC / DC converter 22. and the smoothing circuit 4 is 
constituted. By actuation concerning the 1st or 2nd operation gestalt, the power^source potentials Vdd 
and Vss supplied to Pads 23a and 23b are transformed into an electrical potential difference VI, and the 
DC/DC converter 22 outputs them to pad 23c. A smoothing circuit 4 graduates the output voltage VI of 
the DO/DC converter 22, and outputs it as an electrical potential difference V2. The output voltage V2 
of a smoothing circuit 4 is supplied as an internal electrical power source electrical potential difference 
of the LSI core section 21. 
[0054] 

[Effect of the Invention] Intermittence mode actuation can be realized without preparing resistance in a 
smoothing circuit, since control which detects the sense of the current which flows a smoothing circuit 
with the potential of an output node, and makes the 2nd switch an OFF state using this detection result 
is performed as mentioned above according to this invention. Therefore, power conversion effectiveness 
when the load current is small can be improved without increasing direct-current power loss when the 
load current is large, without causing increase of components mark. 

[0055] Moreover, the power loss by the 1st switch of an OFF state when the potential of an output 
node becomes high too much can be prevented. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 
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2. **** shows the word which can not be translated. 

3. [n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the switching regulator concerning the 1st 
operation gestalt of this invention. 

[Drawing 2] It is the timing chart which shows actuation of the switching regulator of drawing 1 . 
[Drawing 3] It is drawing showing the configuration of the switching regulator concerning the 2nd 
operation gestalt of this invention. 

[Drawing 4] It is drawing showing the cross-section structure of a typical PMOS transistor. 
[Drawing 5] It is the timing chart which shows actuation when the potential of the output node VI is 
limited by the 1st switch SW1 of an OFF state of the switching regulator of drawing 10 . 
[Drawing 6] It is the timing chart which shows actuation of the switching regulator of drawing 3 . 
[Drawing 7] It is drawing showing the example of the LSI structure of a system using the switching 
regulator concerning this invention. 

[Drawing 8] It is drawing showing the general configuration of the conventional switching regulator. 
[Drawing 9] It is the timing chart which shows actuation of the switching regulator of drawing 8 , and (a) 
is a timing chart when the load current is large, and (b) is a timing chart when the load current is small. 
[Drawing 10] It is drawing showing the configuration of the conventional switching regulator in which 
intermittence mode actuation is possible. 

[Drawing 11] It is the timing chart which shows actuation of the switching regulator of drawing 10 . 

[Description of Notations] 

Vdd The 1st potential, the 1st power source 

Vss The 2nd potential, the 2nd power source 

SW1 The 1st switch 

SW2 The 2nd switch 

VI Output node 

PWM PWM signal 

4 Smoothing Circuit 

10 10A Switch control section 

20 LSI 

21 LSI Core Section 

22 DC/DC Converter 



[Translation done.] 
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[0002] 

y-yv2<Dmm^n^m.m^-^i^oi^. p 

WM (Pulse Width modulation :>'-?/l';^<S^IB) 

^ffil^ass 0t4PWM{g-§-PWM{c:i^;tT:, ^l*5j;t)? 
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7j= (Av e (V2) X I o) / 
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Ave (V2) Xlo=VddXl i ••• (2) 

■t^i'Os mti^m^^m 7j »4 1 0 0 5o t ^i^n 



* 2<D;^-f s/5=-SWl . SW2a3;^>^tfiii5||T-itV''fci?) 

[0 0 0 5] 

TjH^ (1) (Oi 5tc*-t-:iiis-e#5o 

(Vd d X I i ) ••• (1) 
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[0 0 0 61 m.m^s^\^x^m^^Ro s s t-rst. 
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RossA=AIXAI XR/1 2 

;irT% Ave do) i-m^i^M^mm. Mumi^m 20 
SRy^'/K Rj±iiSit^<;^±J-ffS-rs^ffi*T:^^><^fpSr 

*LTI/^5. ffi^J5£^^R;!i5*X'fctutfa^Ro s s 
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[0 0 0 7] ^ (4) *^e>^;i-SJ;5(-, ESKS;^*^ 
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SEl;;^«ii^R o s s At±Alt«»it I o so 
[0008] (3) ~ (5) A^b. ;^-f s'f">'^U=¥ 

^B-f-Hli. Ai^ScK l o *5*5g;SC>&^b/h$ < 'feS »co 
i^-C. ifc{i;*c.#< /i5.Jc:oix-x:.. .^-r •yf^i^^' W'^a.: 

[0009] 

[0 0 101 w©J:5'i=— XtcJtbTv EllOtc^i- 

i. 5 !i1»fife*S-t-T-|CtiSg $ iXT V 5- (B. Murariftb, TSmar 
t Power ICs J pp334-336. Springer, 1995) , l2l 1 0<D^ 

W-e. iF?tlelK4A<D>'^KV2NkV3-i:©BgiwS0i9i w 



★ T*#. ^ix-t'ix^ (4) . (5) <0J:5»-«-t-^i:*s-c 

(I o) XR - (4) 
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*p*>y— KV2, VScDm-fSSritlSL-x 7— KVSwm 
I L<Dlp|#Ji*!6j#-?*>5i:*iJ;eU. /-Ky3(Dfl;^£ 

[0011] x-f s/^$!l^gi5 6 0 \imK 9 ©(^«C)m^i 
SrJtUS-rSJtliSlie 1 t , JteJIge 1 <Dm;^i: PWM« 
■§-PWMi:SrA;^i:i-5AND[HlK6 2 t'Sriix. AN 
DIH1K6 2©ttl:^jfS-§-SrM2W;^'1' s' 5^ S W 2 <D®J»ff 

©i5!&«lJm$:tT5. PWMfa-§;PWM*S "H" (D^Pfl 

K V 3 (Dmfi:;is / - K V 2 J; t) t^&l ^ 1 1 tt5i$y 
,«)tc||2(0:j^-l' S'^SW2Sr::«-7f So . r <0 i 5 

t S ^ hycX o T . :ftitmM*s/h $ t ^ 1 1 ©m;^? 
^^^^fi, KATwS6JrJ:"oT;>c(SJ-3fe»$tbSo 
1 . I i5/J^$ < fi^fL^. ^mmj3»^i>^4y^ </£. 

[0012] 2. mSE I LdS^MV s s (CSittVii^/iV^ 

fcJ6, ||lco^-rs'^swlcD^i->'Mrlg^-3>xi^■!^7 
\z^m.vrzm,m^M^m.m i o.i: uTt^ftsti'S^ra 

fi, I2l8rofl|^Ki:tt;|5sLTe</iS. 
[0013] 1 T'tt^SSSli^Sr., a* 2,T'li;5«.-Y y 
'^>'ifY'7^y'y:^9(r>'f- h^*iSr.|gSb-t-Sfc*<Dm;^) 

<o^;^^^^^Sr5!rl^$*So rei^tgM I o*s:*:t^^^: 
^ ji, = /V 5 cDmsE i L cDifi] # »i;^tc*r6i t tci^ s fc 

J^>. El 1 0<d;^'1' s/^v^^u^rL u— ^rotbf^liBlB® 
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t# 192000-92824 (P2000-92824A) 



5 

V—fXD, '^^nUl o*S/h$v^i: tO®bf^S:^i-i5''r 
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dj tlEi-) i:m2©mtet UXWm^fiCV s s ^ttf&i" 

i>m2<omM (EAT rmasvs sj iiis-r) i:©i!g»c, 
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i-^iJp*,, PWMft-tPWM^S "H" ©^^^4^(4^2© 
;^-r s/<^SW2S::^>'4fe^lci-5„ fe^L. a;^/-K 
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<'fc5o — *s 3'l'>'V'5©«SftI L*stil;^/-KVlffi9 
»c (|gnc:4oV^x:fei^t»c) SSixxy^st ^f4> ttS;^/ 

- KV 1 ©m«i:f4mfev s s i !9 tffi< ^c2.„ -r^itJ 
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¥?tlHlSS4 Srmn5mSS I L©|n]#S:m;^J/- KV 
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W2*S:^->-^^©^'g-{e:*iV>x, tll;^J/- Kv i ©HIS: 
;i5ateV s s S:Sx.XV^5 t JF?t[51K4 S:»ft;}x5fl; 

I L >' - K V 1 (i!jicSEtvxi;ag V s s 
tf^ir Sr. IK2©;^-(' s'^SW2S:;J-75ytSHc-r5rt 
(dioxKihi-So 

[0 0 3 6] |212f4Ell©^'r S'f^V^'l^^^W— i?© 
30 A^asSl o;^S/^$v^t#©»f^5r;^^t-^'<5>'^^^•V 

— hXhia 1212 iiai 0»C^-f-;^-f' s/f^V*' 3.1^ 
—9coW)VF^7r--^m\ 1 t SrJtISi-?. t . ta;^/-KV 
i©mtt. 3^yu5©mS£i L*5J;T//-KV2©m4i:: 
©^'fbtc:f4Me>Sv^»4?^iV\ •f>^tj*>, iai©;^-rs'^ 

iS' t ^< P^©»fiK^- Kiftf^Sr^X^ 5e 
[ 0 0 3 7 1,- Li^t>> m 1 Otil^-rt^JtEW^^-l' y'i-^if. 
l-^z,. yy—^ XJ4. Jp?||lHlK'4 AlCjfi^ 9 SrW-An bXV^ 
fc©»c*|-L. *ll:te?i^®X(4. m;^/— KV l©fl;fei: 
40 l;^V s s i:$rJt|55LXi/^5©X. .^?tlH]SS4 (dSgtSr 
. i'tJP-t- 5 ^ ^ . d © fc * SI 8 ©1»^ i: ifcgj L X . 

>45:fc:#v^i: ^©ESS^a^tii^ci-?. r i:(4/<cv\ 
[0 0 3 8] «±©J;5»c:;$:|liSJ^^»cJ;5i. JjijtlB] 

;^^^^*iSr3Sc«-t-5:i t*5x*#5. U/ciSoX, ^^iHf 

m»s©J^;v^®la^c^^y^:ox. iiii^®;^^tfta*Sr«tJt-r 
[ 0 0 3 9 1- 1 x(4. y^mmu 1 0 1^©^- 

so 2©>^-l' s''5"SW2S^^^J^«l^5lelK^4. m:*-/-KVl- 
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[Hl^l 2 tl;i<to-Cl#^$ix-CV>5. -^rLTANDIil*! 
1 2<oai;^m-ii-dS^2(DX-r S''5"SW2©*J^m-§-i: U 

Hifef^flSt-'eS 5^2(0;^^ •;/^SW2CO$iJt9Sr^gtC* 

(D||2©;5^W' s/^SW2SrftlJffll-t5lH]K(D«J^f4pilC 

[0 0 4 01 {%2<onw^M) m3\t^^m<ow.2(o 

[0 0 4 1] m^\^7ri^7.y( y'^-yifU-irsuU—^<r>^ 

[0 04 2] mi <omMmm\^^'bm 1 oit^-^t**<^ 
0 1 0 o«^-t:-fi. ^i*5ia5^2©x^-r y-^^swi, 

SW2i6Si:t>J;c;d-74fefg©i:t. sp^SEK© L C ©*|g 

jcioTm;0/— Kviomted5;/c#<Mti-T, 

ttl;^/-^K.V lA>femagVd dfCflaSfiSM^Hx 
rKDESJC, s/5=-SWl?Sr#l^fti-5PMOS !> 

[0 0 4 31 |g4ttAS6<))iPMOS h^>'v?;^iJ'©»f 
Vlgt^D^rnS'^^-'Vn-we 1 1 t<Df^\C^^^-< 

:t-K3 PMOS h9:^'^:^^<o 

(Vdd+V t) T-y 5 5' h$n-5, ElSfiUll 0©« 

fig^cJ3^^-c. m:f3/-vvi(omm^ (vdd+vt) 

[0044] Sity^r K 3 1 roRSiitSJE©:^*^®^^ 
ir-r-Si:, tb;^/-KV lcomte^5 (vdd+Vt) J; 
*) t,iS</i-Qfci:tll||l<0;^'f s/5^SW10 K^'1'>' 
|i«D*''t>S«S:iiUTti^!aVd dt::fSl*»oT, irfiiy 

[0 0 4 5] ^:wT?*IIJ£?^IST?tt. :i-7^^SJC*>5^ 

l(D;^>f .y^SWl»c:<};5«;^^^^;!l5-tC''iV^J; 



[0 0 4 6] <||l(D;^-r s/^SWl©ftlJi9> 
PWM=H SWl-^OFF 

if V 1 >Vd d SWl-^ON 
t^fiib-hs PWM{t-§-PWMd5 "H" ©fflratftt^K^ 

V 1 ©mtt-a^^ 2 ©Bfi^com^ii: LXcom^V d d S:^ 

[0 0 4 7] 01^01 o©i#fi£-c»±. mtiy-h'v 1 

ME«DffiIWt-J:oT. mitd^mMV d d»cM$tu5^co 

(c/i5o PMOS h7>'v?:^^rc»:^>'Sfittt*^y-l':^ 
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